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0.43±0.13 cm and 0.47±0.16 cm were observed for the GTV and 
parotids respectively. 
The comparison between planned, delivered and adaptive dose has 
been summarized in Table 1.  
 
  
Conclusions: The results obtained using SA software are encouraging. 
The accuracy of SA, for different quality images (KVCT and MVCT), is 
good, allowing a saving in process time. Furthermore, the SA tool, 
combined with an in house software, could enable the estimation of 
the cumulative dose actually delivered to the patients due to 
anatomical changes. However, the not optimal quality of MVCT images 
could limit our observations, therefore further analysis are needed to 
confirm these preliminary results.  
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Purpose/Objective: In order to understand which dosimetric 
parameters could be chosen as predictive indexes for genitourinary 
complications of prostate treatment, this study asses the inter-
fraction bladder motion and investigates its impact on the Dose–
Volume and Dose-Surface Histograms (DVH - DSH). 
Materials and Methods: Eight prostate cancer patients treated with 
radical intent were unrolled. For each patients a Tomotherapy plan 
was generated prescribing 70 Gy (2.5 Gy/fr X 28fr) to the 95% of the 
PTV volume. To avoid a setup errors, for each fraction a pretreatment 
MVCT image was acquired and a rigid registration on anatomical 
matches between MVCT and planning CT was performed and validate 
by the physicians. On each registered MVCT, bladder was contoured 
(using ECLIPSE TPS, Varian Medical System, Palo Alto, CA) by a single 
observer and copied on the planning CT, in order to have for the same 
planning dose distribution 28 per-treatment plus one planning bladder 
contours for each patients. Bladder DVH and dose surface histogram 
(DSH) were then computed using a dedicated software (VODCA, 
MSS,Inc.). Per-treatment DVHs and DSHs (DVHt and DSHt) were 
compared with planned DVHs and DSHs respectively (DVHp and DSHp). 
The difference mean and the SD between these parameters, were 
calculated and considered for the analysis in term of percentage (%) 
and absolute volume/surface. The trend of the dose-surface factors, 
by the evaluation of relative surface that receive at least 72 Gy (S72), 
was studied. 
Results: Random variations of volume and DVHs due to variable filling 
content of the bladder were found; a trend to be more empty during 
therapy with respect to planning CT was also found: the mean value of 
the volume for the 28th fractions and planning CT are respectively 171 
cm3 and 233 cm3 (p<0.05), while the mean surface value are 204 cm2 
vs. 231cm2 (p=0.056). For the eight patients unrolled a more robust 
trend was observed for the DSH respect to DVH when are take in 
account the differences between the planning and per-treatment 
parameters as well those showed in Figure 1, where the standard 
deviations are represented as dashed lines. In three patients, an 
important reduction of the surface, in % values, receiving high doses 
was observed during the treatment (Figure 2). T-Student test showed 
an overall statistically significant reduction of S72 (DSHt– DSHp) with a 
mean difference equal to -1.5% of the total bladder surface (p=0.052). 
 
  
Conclusions: Despite the random variation of the bladder volume 
shape and position during the treatment, our preliminary results show 
that the DSH could be more robust than the DVH to be a predictive 
index for the bladder toxicity. The reduction of the surface value 
which receive high doses in three patients was probably related to the 
prostate edema induced by the treatment that causes a vertical shift 
of the bladder outside the high dose region. 
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Purpose/Objective: To take into account setup uncertainties and 
patient breathing, the intensity extension of IMRT treatment fields in 
the superficial parts of the body could be generated. This study 
investigates (i) the dosimetric impact of uncorrected setup errors on 
superficial breast doses in cases of the IMRT plans with and without 
intensity extension (IE), (ii) the sufficiency of the applicable fluence 
extension margin. 
Materials and Methods: 5-field IMRT plans with and without IE outside 
the breast contour were created for 10 consecutive patients. The 
fluence was extended outside the body up to 8mm in the anterolateral 
(AL) direction using the skin flash (SF) tool method applied in an 
Eclipse TPS. To evaluate sufficiency of the SF margin, the following 
structure in the superficial region (SR) 0-8 mm beneath the skin 
surface was created for the plans with IE and without IE. The 
displacement results of setup errors were obtained by 2D kV images 
and after applying the corrections the portal images were acquired for 
the two most external beams used to verify the sufficiency of the SF 
margin. According to the acquired setup errors, the isocenter was 
shifted in the treatment planning system to simulate uncorrected dose 
distributions. The evaluation of the displacement impact was 
performed based on DVH analyses of the SR, PTV doses and the 
internal target coverage (ITC) for PTV defined as (D5% – D95%)/D95% for 
plans with IE against plans without IE. 
Results: Using the SF method increased the average number of MU by 
15%, up to 158 MU. The AL vector displacement >5mm of up to 17mm 
occurred on 44/93 (47%) occasions. Table 1 presents the differences 
between the dosimetric values obtained for the SR, PTV and  ITC for 
the IMRT plans with and without IE as a consequence of the 
uncorrected setup errors. The AL vector displacement was divided 
into three subgroups depending on the influence of setup error on the 
analyzed values. Group systematic (and random) setup errors 
detected by portal images were 2.2 (3.2) mm laterally, 1.6 (4.0) mm 
vertically and the maximum displacement in the AL direction did not 
exceed 8mm. 
Table 1 presents the mean differences and standard deviations in 
percentage between the dosimetric values obtained for the breast 
IMRT plans with and without IE as a consequence of the uncorrected 
setup errors; Dmean=mean dose, Dmax=maximum dose. 
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Conclusions: Delivery of IMRT plans with IE provided sufficient photon 
fluence extending beyond the breast skin surface proving the 
sufficiency of the 8mm margin in the AL direction. However, 
comparing the IMRT plans with against without IE increased all the SR 
and PTV doses for uncorrected setup errors. Moreover, for the plans 
with extended fluence, the maximum values near the skin were found 
to increase, especially for higher setup errors >8mm. Therefore, daily 
image guidance and consistent patient repositioning was warranted 
for not increasing the superficial dose.  
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Purpose/Objective: Cone beam CT scanners (CBCT) provide accurate 
6D displacement information (translation and rotation) relative to the 
planning CT scan. However, clinically 6D vectors are often converted 
to a 3D vector since fully integrated 6D couches operating without 
manual input are lacking. Furthermore, a daily CBCT for patients 
treated with 30 or more fractions requires more treatment time and 
adds significant dose to the patient. For only translations, off line 
protocols like SAL (Bel, R&O, 1993) and eNAL (de Boer, IJROBP, 2007) 
have been developed which require less imaging. These are widely 
used. In Arnhem we are developing methods to use the 6D robotic 
couch on a routine basis to further improve patient positioning, while 
minimizing the workload, patient dose and time slot lengths. 
Especially for patients treated in the head and neck area we often 
observe significant rotations (typically up to 3°). In cooperation with 
CIVCO (Iowa, USA), we therefore developed software to fully integrate 
a 6D couch (Protura) with an Elekta linac (Stockholm, Sweden); 
patient selection and import of the 6D vector is automated and the 
linac is interlocked when irradiation is attempted prior to applying the 
6D correction. We present a method for offline 6D corrections, which 
requires 70% less scans then an online protocol, with only slightly less 
accuracy. 
Materials and Methods: Ten patients treated for meningioma in 28 or 
30 fractions were 6D corrected using a daily CBCT. These 6D 
positioning results were compared with a simulation of two offline 
protocols: NAL and eNAL. The NAL protocol uses the mean 6D 
displacement of the first three treatment fractions as a setup 
correction in all subsequent fractions. The initial setup correction of 
eNAL is the same. However, in eNAL, additional weekly follow-up 
measurements are performed. The setup correction is updated after 
each follow-up measurement. Patients were immobilized using a 
hybrid three-point mask and aligned using lasers. 6D correction was 
determined by an automatic grey value mask registration of the daily 
CBCT and the reference CT. The 6D correction was applied using a 6D 
couch. Furthermore, an average of eight post treatment CBCT's per 
patient were obtained to verify the residual error after the 6D 
positioning. Residual errors of the various protocols are compared in 
terms of their standard deviation (∑rot), as is common practice for 
translational errors. 
Results: Before correction, rotational errors up to 3.2° were observed 
and the mean rotational error per patient over all fractions varied 
between -1.7° and +1.2°. In the graph is shown that all protocols 
improve patient position. The amount of CBCT images required is 
considerably less for the offline protocols. 
  
Conclusions: Significant rotations were observed. 6D couches can 
accurately correct these rotational errors. The offline eNAL protocol is 
only slightly less accurate than the online protocol, while requiring 
70% less scans thereby reducing workload and patient dose. 
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Purpose/Objective: To assess rectal motion for neo-adjuvant trectal 
cancer patients (pts) irradiated in prone and supine positions in two 
Institutes (A,B) with image-guided Tomotherapy (TOMO), aiming at 
estimating optimal margins for adaptive radiotherapy with 
concomitant boost of the residual tumor in the last fractions. 
Materials and Methods: Pre-treatment CTs and 197 daily MVCTs were 
acquired for 8 pts treated with 25x2 Gy TOMO in prone position at 
Institute A. The cranial two thirds of the rectum was contoured on all 
MVCTs and then split into an upper and lower part and, both divided 
into 4 sectors (anterior, posterior, left and right). 3D local rectal 
displacements were quantified by the distance between daily contours 
and 4 different reference contours: 1st and 13th (midpoint RT) fraction, 
whole and second half of treatment median contours. 'Sectors' Van 
Herk margins were computed from the global average deviation (Δ), 
the systematic(∑) and random (σ) standard deviations of the average 
local changes. Then, the contours granting a coverage probability for 
all rectum positions of 90% and 100% were assessed. For each sector 
and patient, the mean values of local average distances between the 
90%/100% and the 4 references were regarded as local margins: the 
largest value among the pts was taken as the 100% population 
coverage margin (for both 100%/90% local coverage, respectively 
M(100,100) and M(90,100)). Results were compared against supine pts 
data assessed with the same methods on 10 pts previously treated 
with 18x2.3 Gy TOMO at Institute B.  
Results: Table I shows 'sectors' Van Herk margins and M(90,100) for 
both groups. Supine pts showed the largest variation in the anterior 
part while lower motility was found in the posterior sector. Upper 
anterior and lateral M(90,100) decreased in the second half of 
treatment (p<0.1, for median and median 2nd part). Prone data led to 
broader margins in the upper sector with higher values for the second 
half RT reference contour (Van Herk: max 15.9 mm; M(90,100): max 
17.0 mm). Smaller margins were found for the lower sectors. No 
significant difference was found between the whole and second part 
of treatment (p>0.1) although lower margins were generally estimated 
for the second part. Lateral and anterior shape changes were 
generally comparable for both supine and prone data (p>0.1). The 
joint male population had smaller variations than the whole joint 
group: the larger presence of female prone pts (4/8) compared to 
supine (1/10) may have influenced the results. 
